Purpose: Fabry disease is a progressive multiorgan, multisystem disorder that is caused by a deficiency in the lysosomal enzyme ␣-galactosidase A. Serious renal, cardiac, and cerebrovascular involvement are responsible for much of the morbidity and premature mortality associated with Fabry disease, and neuropathic pain, gastrointestinal problems, and hypohidrosis negatively affect quality of life of patients with Fabry disease. Fabry disease is X-linked, but women are often symptomatic and may be as severely affected as men. Methods: We propose a series of therapeutic and symptomatic goals for use in setting the expectations of enzyme replacement therapy and for assessing the response to enzyme replacement therapy in the treatment of Fabry disease. Results: Enzyme replacement therapy has been available since 2001 and has been associated with benefit in clinical trials, including stabilization of kidney function, improvement of cardiac structure and function, reduction in severity of neuropathic pain, and improvement in gastrointestinal involvement. Conclusions: The presentation of these therapeutic goals will aid in the evaluation of response to enzyme replacement therapy and be useful in establishing an overall management plan for individual patients. Genet Med 2010:12(11):713-720.
F
abry disease is an X-linked metabolic disorder caused by a deficiency in the lysosomal enzyme, ␣-galactosidase A (␣GalA). 1 In patients with Fabry disease, the enzyme substrate globotriaosylceramide (Gb3) accumulates in cells and participates in the progressive multiorgan pathology of the disease. 2 The incidence of Fabry disease is approximately 1 in 117,000 live births, 3 but recent newborn screening efforts suggest that the incidence of mutations in the ␣GalA gene may be much higher, approximately 1 in 3,100. 4 The signs and symptoms of Fabry disease emerge in childhood and adolescence and typically include episodes of neuropathic pain, gastrointestinal disturbances, angiokeratomas, and hypohidrosis. [5] [6] [7] Kidney dysfunction, cardiac valve disease, cardiomyopathy, and stroke increase in prevalence in adults, 2 resulting in a substantial reduction in health-related quality of life 8 -10 and an increase in premature mortality. 11, 12 Despite being X-linked, heterozygous women may experience all the signs and symptoms of Fabry disease that are seen in men [12] [13] [14] [15] ; although compared with hemizygous males, signs and symptoms of Fabry disease in women typically emerge at an older age and with less severity.
ENZYME REPLACEMENT THERAPY
Treatment of Fabry disease with ␣GalA has been commercially available since 2001. Two formulations of ␣GalA are available, agalsidase alfa (Replagal, Shire Human Genetic Therapies, Inc., Cambridge, MA) and agalsidase beta (Fabrazyme, Genzyme Corporation, Cambridge, MA). Agalsidase alfa is produced in a human cell line by gene activation 16, 17 and is dosed at 0.2 mg/kg every other week. Agalsidase beta is produced in Chinese hamster ovary cells and is dosed at 1.0 mg/kg every other week with premedication consisting of an antipyretic and/or antihistamine.
The clinical experience with enzyme replacement therapy (ERT) for Fabry disease has continued to grow since its introduction. In 2006, Eng et al. 18 published the initial guidelines for the evaluation and management of Fabry disease. In the accompanying report, 19 we have reviewed the key clinical studies of ERT in Fabry disease and summarized the evidence of benefit for both agalsidase alfa and agalsidase beta. In this report, we have extended the work of Eng et al. 18 on the basis of the additional clinical data that have been published and propose a series of therapeutic goals based on this evidence to aid the clinician in setting expectations and evaluating the response to ERT in Fabry disease.
MATERIALS AND METHODS
In April 2009, Shire Human Genetic Therapies, Inc. (Shire HGT, Cambridge, MA) invited an international group of physicians with extensive clinical experience in the management and treatment of Fabry disease to a meeting in Frankfurt, Germany, to discuss evidence relating to the use of ERT in treatment of Fabry disease and to propose treatment goals. These experts practice in different parts of Europe, North America, Australia, and South America and have a spectrum of relevant specialty expertise, including cardiology, nephrology, neurology, pediatrics, genetics, metabolism, and hematology. A draft review was prepared by an independent coordinator and then discussed and amended during the course of a second meeting in Barcelona, Spain, in November 2009. This review represents the consensus position of those discussions.
RESULTS

Therapeutic goals
The signs and symptoms of Fabry disease affect many organs and systems and are generally progressive in nature. When evalu-ating the responses to ERT, it is important to recognize that a therapeutic response may involve stabilization or slowing of the progression of certain pathologies, with the goal of preservation of organ function rather than reversing dysfunction. The treatment goals presented in this review are based on the evidence presented in the accompanying report 19 and on the extensive clinical experience of the members of the panel. The order of presentation reflects the impact of the organ or system on the morbidity and premature mortality associated with Fabry disease. Thus, kidney, heart, and cerebrovascular involvement are discussed first, followed by pain, sweat function, quality of life, and gastrointestinal symptoms. In some cases, treatment goals are presented without evidence for an effect of ERT. Such is the case when adjunct therapy may be able to influence the disease course (e.g., use of antiplatelet medication for reducing the risk of stroke).
Biomarkers
Plasma and urine levels of Gb3 are elevated in patients with Fabry disease. The elevations are smaller in women than in men, and levels are often within the normal range. 20 Plasma and urine levels of Gb3 decrease during ERT in men, women, and children with Fabry disease (e.g., Refs. 20 -24) . Despite this response, plasma and urine Gb3 cannot be considered suitable biomarkers of clinical efficacy because baseline levels do not correlate with disease severity, and changes during ERT are not predictive of clinical efficacy. 25 At the best, changes in these levels serve as an indicator (i.e., proof of principle) that infused enzyme is active. In adult and pediatric males, a maximum reduction in plasma Gb3 of approximately 50% has been reported with either agalsidase alfa 21, 23 or agalsidase beta, 22 and such a decrease should be considered as useful when monitoring the response to ERT. Although reductions in plasma and urine Gb3 in women have been reported with ERT, 20 substantial overlap with the normal range reduces their utility in monitoring enzyme activity during ERT.
Kidney disease
Progressive kidney dysfunction is responsible for much of the morbidity and premature mortality of Fabry disease, especially in men, in whom it is nearly universal. The initial sign of kidney disease in patients with Fabry disease is proteinuria or microalbuminuria, which is seen in more than half of men by the age of 35 years 26 and has been reported in children. 5 Hyperfiltration (i.e., glomerular filtration rate (GFR) Ͼ135 mL/minute/1.73 m 2 ) may also be an initial sign of kidney dysfunction. 27, 28 Once kidney dysfunction begins in men, GFR is progressively lost, and progression to end-stage renal disease (ESRD) is inevitable without treatment. The rate of loss of GFR in untreated men with Fabry disease has been estimated to be between 3.0 mL/minute/1.73 m 2 /year 29 and 12.2 mL/minute/year. 26 A single study has reported serial measurement (as opposed to estimates) of GFR in placebo-treated patients enrolled in clinical trials. In 54 patients who had GFR measured before and after a 6-month placebo period, a rate of decline in GFR of 7.0 Ϯ 32.9 mL/minute/1.73 m 2 /year was observed. 26 The rate of loss of GFR in women with Fabry disease is less than that seen in men, 29 and fewer women progress to ESRD. 15, 30, 31 In both men and women, the presence of proteinuria Ն1 g/24 hours is a risk factor for more rapid progression of loss of GFR. 30 Several clinical studies support the concept that ERT stabilizes kidney function in Fabry disease and that this protective effect is more prominent in patients with less advanced kidney dysfunction. West et al. 28 performed a summary analysis of the effects of agalsidase alfa on kidney function in male patients who had participated in three separate double-blinded clinical trials and their open-labeled extension studies. Eighty-five patients were treated with agalsidase alfa for at least 1 year (mean: 2.1 years) and demonstrated a rate of loss of GFR of 2.9 Ϯ 8.7 mL/minute/1.73 m 2 /year (mean Ϯ SD) during their treatment period, a value that was less than that observed during the placebo period (see earlier). Proteinuria Ն1 g/day was a significant risk factor for continued rapid decline of GFR during treatment. Similarly, Germain et al. 31 reported that agalsidase beta stabilized estimated GFR (eGFR) in 58 patients treated for up to 4.5 years and that proteinuria Ͼ1 g/day was also a risk factor for failure to respond. Neither agalsidase alfa nor agalsidase beta seems to influence proteinuria in men, although in female patients, agalsidase alfa significantly reduced proteinuria in 11 women with baseline proteinuria Ͼ300 mg/day after 3 years. 20 Agalsidase beta was associated with a nonsignificant reduction in the hazard ratio of experiencing a major clinical event in patients with mild-to-moderate baseline kidney dysfunction. 33 No effect of agalsidase beta on eGFR was seen during this study.
Kidney therapeutic goals
Because kidney disease is responsible for much of the morbidity and premature mortality of Fabry disease, all patients with Fabry disease with evidence of kidney disease should be aggressively treated. Proteinuria is often the initial sign of kidney disease and should be considered sufficient evidence of kidney involvement to initiate ERT. Although the major studies have shown that proteinuria in excess of 1 g/day is a significant risk factor for continued loss of GFR during ERT, a lower threshold can be supported by the data. For example, in the recent report by Schiffmann et al., 29 a negative influence of proteinuria at levels between 0.1 and 1 g/day in untreated male and female patients was observed. Similarly, the analyses of West et al. 27 showed a smaller response to ERT in patients with baseline proteinuria between 0.3 and 1 g/day compared with the response of patients with baseline proteinuria Ͻ0.3 g/day. Thus, ERT should be initiated in all patients with proteinuria Ͼ0.3 g/day or who have demonstrated a reduction in GFR to Ͻ90 mL/minute/1.73 m 2 in the absence of proteinuria. Hyperfiltration may be the initial sign of kidney disease, 27, 28 and patients with GFR Ͼ135 mL/minute/1.73 m 2 should be considered for ERT. In patients with proteinuria, the addition of an angiotensin-converting enzyme inhibitor or an angiotensin receptor blocker may reduce the protein excretion level and increase the renal response to ERT. 34 However, it is important to realize that most patients with Fabry disease have normal blood pressure and may not tolerate the doses of these agents needed to control proteinuria.
Treatment goals are dependent on the initial renal function of each patient (Table 1) . Patients should be monitored every 6 months. Although measured GFR is the preferred method of monitoring changes in GFR, eGFR 35 may be adequate in adults provided that the physician realizes that eGFR may overestimate measured GFR by as much as 26%. 27 Thus, a patient who has an eGFR within the normal range (Ͼ90 mL/minute/1.73 m 2 ) may in reality have a measured GFR indicative of mild kidney dysfunction (60 -90 mL/minute/1.73 m 2 ). The method of Schwartz et al. 36 of estimating GFR in children substantially overestimates actual GFR in children with Fabry disease, 37 especially is the vast majority of children whose renal function in not impaired. The new equation described by Schwartz et al. 38 or the older Counahan-Barratt equation 39 provides relatively good agreement with measured GFR in children with Fabry disease 37 and should be used for monitoring changes in eGFR in children.
Although the goal of ERT is to stop the loss of GFR, it is difficult to attain this goal based on the fact that the adult population without Fabry disease loses approximately 1 mL/ minute/1.73 m 2 /year. 40 Thus, setting a goal to restrict GFR loss to no more than 2 mL/minute/1.73 m 2 /year in men and to no more than 1 mL/minute/1.73 m 2 /year in women may be more reasonable. A goal of no more than 1 mL/minute/1.73 m 2 /year is appropriate for men who do not have proteinuria or in whom proteinuria has been well controlled with angiotensin-converting enzyme inhibitors or angiotensin receptor blockers. In children, the goal should be to maintain stability of eGFR. Ultimately, a delay in time to renal failure or need for dialysis or transplantation may be achieved.
Cardiac disease
Cardiac involvement is common in patients with Fabry disease and includes left ventricular hypertrophy (LVH), valvular dysfunction, and arrhythmias. [41] [42] [43] [44] Cardiomyopathy typically has its clinical onset in men between the ages of 20 and 30 years and approximately 10 years later in women. 42 LVH is common; in the Fabry Outcome Survey (FOS), LVH was found in 33% of untreated women and 53% of untreated men. 44 In a study of 39 male and 39 female untreated patients with Fabry disease who were not receiving ERT and who had at least two echocardiographic examinations between 1 and 9 years apart, the average rate of progression of left ventricular mass (LVM) indexed to height in men and women was 4.07 Ϯ 1.03 g/m 2.7 /year and 2.31 Ϯ 0.81 g/m 2.7 /year, respectively. 42 Progressive valvular involvement is common. In a longitudinal study of 60 patients with Fabry disease, the prevalence of mild mitral insufficiency increased from 34 (56.7%) at baseline to 49 (81.6%) after a mean 2.7-year follow-up period. 45 Similar progression was noted for mild tricuspid involvement. In FOS, 32.6% of men and 38.3% of women who were receiving ERT had a history of palpitations or documented arrhythmia with an average age of onset of 37.2 years in men and 43.8 years in women. 44 Although ejection fraction is typically normal, 42 heart failure is reported in 19 -25% of men with Fabry disease and in 20 -30% of women. 44 In the later stages of progression, fibrosis may be prominent. 46, 47 Fibrosis is considered to be irreversible. Cardiac involvement is a common cause of death in both men and women with Fabry disease. 48, 49 The effect of agalsidase alfa on cardiac morphometry has been reported in four studies. In a 6-month double-blinded, placebocontrolled clinical trial in 15 men with Fabry disease, Hughes et al. 50 reported a significant reduction in LVM measured by magnetic resonance imaging compared with placebo. Kampmann et al. 51 reported that agalsidase alfa reduced LVM in patients with baseline LVH during 1-3 years of treatment. In women with baseline LVH, Whybra et al. 20 found a persistent reduction in LVM during a 4-year study. A recent report from FOS showed that 5 years of agalsidase alfa resulted in sustained and significant reductions in LVM. 52 Agalsidase beta has been studied in 10 open-labeled, noncontrolled trials with mixed results. Three studies found no effect, [53] [54] [55] whereas the other seven reported varying degrees of reduction in LVM. 46,47,56 -60 Importantly, the results of these studies suggest that early initiation of therapy leads to a better response. For example, Beer et al. 47 found a reduction in LVM only in patients without myocardial fibrosis at baseline. Weidemann et al. 46 reported that 3 years of agalsidase beta reduced LVM but that functional improvement was seen only in patients without fibrosis.
In addition to ERT, other concomitant therapy is indicated in the management of cardiac involvement of Fabry disease. For example, symptomatic bradycardia due to significant atrioventricular block may require pacemaker implantation, and an implantable cardioverter defibrillator is indicated in the management of malignant ventricular arrhythmias. 61 
Treatment goals
Patients with evidence of cardiac involvement should be considered candidates for ERT. The goals of ERT in patients with cardiac involvement are the reduction of LVM in patients with LVH, the improvement of left ventricular functional parameters in patients with compromised function, and the improvement of arrhythmias in patients with baseline rhythm disturbances ( Table 2) . Although reduction of LVM may occur in patients with myocardial fibrosis, improvement in functional Genetics IN 
Therapeutic goals in the treatment of Fabry disease parameters is not expected. 46 In patients without cardiac involvement, the goals of ERT should be the preservation of normal structure and function. It is suggested that left ventricular structure and function be assessed at least yearly by echocardiography. Tissue Doppler imaging may be useful in identifying patients at risk for progressive cardiomyopathy. 62 Standard assessments of heart failure (e.g., New York Heart Association classification of heart failure) should be conducted at the same time as the echocardiographic examination with the goal of improving or stabilizing function. Ultimately, the goals would be to reduce cardiac-related morbidity or death, and/or delay time to pacemaker/defibrillator placement.
Cerebrovascular involvement
Stroke is common in patients with Fabry disease. 29, 63 In FOS, 9% of men and 5% of women have a history of stroke with a mean age of onset of 39.2 years in men and 51.4 years in women. 48 In the Fabry Registry, 6.9% of men and 4.3% of women experienced stroke before initiation of ERT, with an average age at first stroke of 39.8 years in men and 45.7 years in women. 63 Similarly, a high frequency of Fabry disease (4.9% of men and 2.4% of women) was found in a population of patients who had experienced a cryptogenic cerebrovascular event. 64 These estimates may be high because of the inclusion of patients with multiple ischemic events. Two other studies suggest that Fabry disease is responsible for a lower fraction of cryptogenic stroke (0% 65 and 0.65% 66 ). Stroke is often the first manifestation of major organ involvement in patients with Fabry disease, and 46% of patients experienced stroke before being diagnosed with Fabry disease. 63 Ischemic strokes are reported to account for 86.8% of first stroke in patients with Fabry disease, a percentage that is similar to that seen in the general population. 63 Elevated blood pressure is a risk factor for stroke and transient ischemic attack (TIA) in the non-Fabry population, and it should be assumed that hypertension contributes to their incidence in patients with Fabry disease. In FOS, agalsidase alfa has been reported to significantly reduce both systolic and diastolic blood pressure and to reduce the prevalence of hypertension, 52,67 but it is not known whether these effects will translate to a reduced incidence of cerebrovascular events. Strokes have been reported in some patients in nearly all clinical trials of ERT. 20, 21, 32 Changes in cerebral blood flow have been reported in patients treated with agalsidase alfa, 68 -70 but the clinical relevance of these responses is not known.
Cerebrovascular treatment goals
All patients with Fabry disease who have a history of stroke or TIA should receive ERT. In addition, all patients should be considered as having a high risk of stroke, and adjunct therapies are appropriate. Antiplatelet drugs should be used because of the high risk of ischemic stroke. Statins may be protective in patients with Fabry disease who have had a stroke, who have white matter lesions but with normal neurologic function, or who have high levels of prothrombotic markers. 71 Antihypertensive agents should be used to achieve recommended blood pressure targets in all patients with hypertension. No evidence of benefit of ERT on the incidence of stroke or TIA has been reported, but the goal of ERT should be the prevention or delay of these events (Table 3) .
Pain and quality of life
Neurologic pain is a frequent symptom in both male and female patients with Fabry disease and may be the initial symptom experienced by a patient with Fabry disease. In FOS, neurologic pain was reported by 81.4% of men and 65.3% of women, with a mean age of onset of 14.8 years in men and 19.8 years in women. 72 In the Fabry Registry, neurologic pain was reported by 62% of men and 41% of women, with a median age of onset of 9 years in men and 10 years in women. 43 In studies of pediatric patients, neuropathic pain or acroparesthesia was reported in 63% of boys and 46% of girls [5] [6] [7] 73, 74 (reviewed by Pintos-Morell and Beck 75 ). The pain most often occurs in the hands and feet and has been described as agonizing, burning, tingling, and lancinating. 76 Neuropathic pain due to Fabry disease is often managed with anticonvulsant drugs (e.g., carbamazepine or phenytoin), 77 because conventional analgesics and narcotic analgesics are relatively ineffective.
The impact of Fabry disease on health-related quality of life is substantial. Gold et al. 8 reported that scores in all domains of the Short Form-36 Health Survey for men with Fabry disease were worse than those found in the general US population. Similar findings were reported for male patients with Fabry disease compared with the general male population of the United Kingdom. 9 Women with Fabry disease also experience reduced health-related quality of life. 10, 15, 78 When compared with patients with other chronic diseases, the reduction in quality of life for men with Fabry disease is roughly the same as reported for men with human immunodeficiency virus-acquired immunodeficiency syndrome and is worse than seen in men with ESRD or stroke. 8 In women, quality of life is comparable with that observed in women with rheumatoid arthritis or multiple sclerosis. 10, 78 Agalsidase alfa was reported to reduce the severity of neuropathic pain in men in a double-blinded, placebo-controlled study 79 and in women was reported to reduce neuropathic pain intensity after 12 months of treatment, a response that was sustained through 4 years. 20 Improvement in pain scores has also been observed for patients treated with agalsidase alfa enrolled in FOS. 80 In children, agalsidase alfa reduced the need for pain medication 22 and reduced pain scores. 24, 73 In women with Fabry disease, agalsidase alfa improved the Short Form-36 physical summary score and role-physical and general health scores. 78 A study of 13 men with Fabry disease treated with agalsidase beta found improvements in the mental component and general health scores of the Short Form-36. 81 Agalsidase beta was reported to reduce the severity neuropathic pain compared with baseline values, but in this study, baseline pain scores were low, and the response was not different than the response observed in the placebo group. 82 
Treatment goals
Patients with neuropathic pain should be considered for ERT. Because of the major impact that pain has on patient's lives and quality of life, the goals of treatment should be to reduce and maintain pain at levels that have minimal impact on activities of daily living and to reduce the need for pain medications (Table  4) . Patients should be evaluated periodically using a validated instrument for assessing pain (e.g., Brief Pain Inventory 83 ). Patients on ERT will frequently require the use of anticonvulsant medications to control pain and, therefore, should be asked 
Sweat function
Patients with Fabry disease commonly experience reduced sweat function that may reduce the capacity for physical activity and precipitate pain. 11, 12 Objective measurement of sweat function using Quantitative Sudomotor Axon Reflex Test (QSART) has been used to demonstrate an acute (24 -48 hours) improvement in sweating after agalsidase alfa in some patients. 84 In children, QSART was used to demonstrate an improvement in sweat volume for 0.48 Ϯ 0.36 L/mm 2 at baseline to 0.73 Ϯ 0.68 L/mm 2 after 6 months. 23 Hyperhidrosis has also been documented in patients with Fabry disease. In FOS, the reported prevalence of hyperhidrosis is 6.4% in men and 11.9% in women. 85 The effect of ERT with agalsidase alfa has been reported for three patients with no effect in two patients and improvement in the few days after each infusion in the other patients. 85 
Treatment goals
The objective measurement of sweat function requires specialized equipment that will not be readily accessible for the majority of physicians. In addition, the reproducibility of QSART to measure small volumes may limit its utility to detect clinically important improvements in function. 86 The patient's subjective improvement may be considered a goal of treatment.
Gastrointestinal involvement
Gastrointestinal symptoms are commonly reported in patients with Fabry disease. In FOS, 52% of patients report experiencing gastrointestinal symptoms, including abdominal pain, diarrhea, constipation, nausea, and vomiting. 87 In the Fabry Registry, 19% of men and 13% of women reported gastroenterological problems, with a median age at onset of 8 and 14 years, respectively. Children seem to experience gastrointestinal problems more frequently than adults; for example, in the Fabry registry, 45% of boys and 18% of girls reported gastrointestinal problems. 74 In one small study of agalsidase alfa, 7 of 10 patients reported reduction in the severity and frequency of abdominal pain after 6 months of agalsidase alfa, and five of six patients reported a reduction in the frequency of diarrhea. 88 A report from FOS documented reduction in the percentage of patients reporting abdominal pain or diarrhea after 1 or 2 years of agalsidase alfa. 87 Six to 7 months of agalsidase beta was reported to reduce gastrointestinal symptoms in four men with severe gastrointestinal involvement at baseline. 89 In children, 1 year of agalsidase beta significantly reduced the prevalence of postprandial pain and vomiting compared with baseline. 90 Weight gain has been reported with both agalsidase alfa and agalsidase beta. 59, 79, 90 
Gastrointestinal treatment goals
The goal of ERT should be to reduce the frequency and severity of gastrointestinal pain and diarrhea (Table 5 ). Because these symptoms may limit food intake and nutrition, positive response to ERT may be weight gain in some individuals.
Hearing
Hearing loss has been reported in 74% of patients with Fabry disease, and clinical hearing impairment has been reported in 16% of patients. 91 The increase in hearing thresholds has been found in all frequency ranges and increases with age. 91 The mechanism of hearing loss is primarily sensorineural, with conductive or mixed hearing loss contributing in approximately 25% of the cases. 91 Agalsidase alfa has been reported to improve hearing loss in patients with Fabry disease. Hajioff et al. 92 reported a significant improvement in high-frequency sensorineural hearing loss after 18 and 30 months of agalsidase alfa in a group of 15 adult male patients with Fabry disease. Similar findings were reported for patients in FOS who had baseline hearing loss and were treated with agalsidase alfa for a median of 12 months. 93 
Treatment goals
The goal of ERT should be to improve hearing in patients with baseline hearing loss and maintain hearing thresholds in patients at baseline within the normal range (Table 6 ).
Monitoring of overall disease burden
Two instruments have been described to monitor the overall symptom burden of Fabry disease: the Mainz Severity Score Index (MSSI) 94 and the Fabry disease severity scoring system (Fabry DS3). 95 The MSSI scores are assigned based on the prevalence of signs and symptoms in four general areas: general, neurologic, renal, and cardiovascular. The Fabry DS3 evaluates five domains, including peripheral nervous system, renal, cardiac, central nervous system, and patient reported overall well-being. With both instruments, a higher score represents a more severe overall disease burden. Agalsidase alfa has been reported to be associated with a significant reduction in total MSSI score in women and men with Fabry disease. 20, 94 No studies of the response to agalsidase beta have been reported for either the MSSI or Fabry DS3. These instruments may be appropriate for following the overall response to ERT, with the therapeutic goal being a reduction in total score. Stability of total score may also be considered a goal of ERT because of the progressive nature of untreated Fabry disease.
DISCUSSION
The initial clinical experience with ERT for Fabry disease is confounded by its pleomorphic features and the various stages of disease patients were in at the time of treatment initiation. The major challenges relate to evaluating the benefits of ERT beyond the clinical trial phase. For Gaucher disease, which is the most common lysosomal storage disease and the disorder with the longest experience with ERT, the development of therapeutic goals of treatment has aided the evaluation of clinical success of ERT in individual patients 96 -98 and allowed the assessment of alternative treatments, such as substrate reduction therapy. 99 In addition, the extensive experience with ERT for Gaucher disease has also resulted in the development of treatment goals for specific patient populations, such as adults 96 and children. 98 Compared with Gaucher disease, the evaluation of the response to ERT in Fabry disease is complicated by the fact that no obvious morphological changes occur in response to ERT and no ideal biomarkers that correlate with disease severity or clinical response to ERT have been identified. In Gaucher disease and Hunter syndrome, for example, the characteristic organomegaly is substantially reduced with ERT. 96, 98, 100 Similarly, the anemia and thrombocytopenia of Gaucher disease can be objectively monitored during ERT to assess the response to treatment. In Fabry disease, much of the critical organ pathology often remains subclinical until the late stages of the disease. Examples include kidney dysfunction and cardiomyopathy, and without regular and objective monitoring, it is difficult to establish that a clinical response to ERT has occurred in these critical organs.
The pathology of Fabry disease is progressive, and it is important to emphasize that a positive response to ERT may be represented by stability rather than improvement or reversal of the signs and symptoms of the disease. This concept has been clearly illustrated by the studies of the effect of ERT on kidney dysfunction in which stability of GFR (or eGFR) during ERT is considered a success, as this likely means a delay in the onset of renal failure or time to dialysis or transplant. 27, 32 Guidelines for the initiation of ERT in Fabry disease have been proposed by several groups (e.g., Refs. 18 and 101-104). These guidelines propose criteria for the initiation of ERT in patients with Fabry disease that are based primarily on the published evidence of efficacy. As expected, the country-specific guidelines vary according to the local health care system. [101] [102] [103] In general, these guidelines indicate that adult male patients should be treated starting at the time of diagnosis 18, 101 or at the onset of symptoms or evidence of organ dysfunction. 102, 103 Women with significant symptoms or evidence of organ dysfunction should also be treated. 18, [101] [102] [103] Little evidence regarding when to initiate ERT in pediatric patients has been published, but these guidelines again suggest that children with "significant symptoms" should be considered for ERT.
The issue of treatment strategies in patients who fail to reach one or more therapeutic goals during ERT has not been established. In some patients with advanced disease, certain benefits of ERT may not be expected. For example, no benefit on renal function has been observed during ERT in patients with advanced kidney dysfunction as shown by proteinuria in excess of 1 g/day. 27, 32 Similarly, little cardiac benefit has been reported in patients with myocardial fibrosis. 46, 47 Despite the failure of these organ systems to respond to ERT, other benefits may still occur, and therefore, careful monitoring of these and other therapeutic goals should continue.
Children and women with Fabry disease have also been treated with ERT. Until more experience with ERT in women and children with Fabry disease is published, the therapeutic goals outlined in this report should be considered appropriate for these patient populations at this time. As more experience is gained in these distinct patient populations, it is likely that specific therapeutic goals will be developed.
CONCLUSIONS
Fabry disease is characterized by progressive multiorgan, multisystem pathology. The goal of ERT in Fabry disease is to slow or stop the progression of the disease, restore healthrelated quality of life, and prolong survival. The presentation of these therapeutic goals will aid in the evaluation of response to ERT and be useful in establishing an overall management plan for individual patients. It is anticipated that as the clinical experience with ERT increases, these therapeutic goals will be revised, and specific goals for ERT in women and pediatric patients will be developed.
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